The present paper presents the studies regarding the impregnation conditions through ultrasonication of 1-Octyl-3-methylimidazolium tetrafluoroborate-[OmimBF4] onto Florisil support in order to enhance the adsorption efficiency of the resulting adsorbent. The obtained Florisil impregnated with [OmimBF4] in various work conditions of ultrasonication was subjected to a complex characterization scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDX) and Fourier transform infrared spectroscopy (FTIR) and was used as an adsorbent in the removal process of Cs + from aqueous solutions. In order to obtain a stable and homogenous impregnation of the solid support surface which will achieve reproducible results in the adsorption processes, it is not necessary to increase the ultrasonication time, but we should use higher amplitude. The impregnated material obtained in the recommended conditions showed good adsorption performance in the removal process of Cs + from aqueous solutions, developing a maximum adsorption capacity of 2.27 mg/g.
Introduction
Radioactive waste can affect human health and the environment, therefore, the management and disposal of such waste is an issue relevant to almost all countries [1] [2] [3] [4] . In recent years, the researchers focused on the applications of ionic liquids (ILs) as new separation media of metals from aqueous solutions, instead of organic solvent use, due to their well known advantages [5] [6] [7] [8] [9] . It was observed that through impregnation of the ionic liquid onto a suitable solid support, a higher efficiency in the removal process of metals ions from aqueous solutions is obtained, because it favorably combines the properties of ILs with the advantages of solid supports [10] [11] [12] [13] . Many methods of extractant impregnation onto various solid supports were studied in the literature, such as the dry method of impregnation [6, 9, [12] [13] [14] , encapsulation [15] , sol-gel method [7, 16] and chemical immobilization [17, 18] . All these mentioned methods are quite time consuming; therefore, in this paper a new impregnation method which needs a shorter time for the impregnation of an ionic liquid onto a solid support is studied. This method is the ultrasonication method. Kalidhasan used this method for the impregnation of IL onto Dowex resin used in the removal process of Cr(VI) from aqueous solutions [19] . The ultrasonication method and the work conditions were highly studied and used for the obtaining of various catalysts [20, 21] . Also, in our previous study, a comparison between various methods of IL impregnation onto inorganic solid support (dry method, stirring method, the wet impregnation method and ultrasonication) showed that the ultrasonication method presents the highest efficiency in the removal process of metals ions from aqueous solutions [22] . In this paper the influence of the work conditions of the ultrasonication method upon the adsorption performance of the obtained materials was studied in order to determine the optimum conditions of impregnation which enhance the adsorption properties of the impregnated materials. The work conditions of the ultrasound method were studied in the process of 1-Octyl-3-methylimidazolium tetrafluoroborate-[OmimBF4] impregnation onto Florisil. This ionic liquid was chosen because the imidazolium based ionic liquids were intensively investigated in literature and showed higher stability [23] [24] [25] . An inorganic one was chosen as solid supports due to it having a highly porous texture and a large specific surface area. In our previous studies it was observed that the inorganic solid supports present higher efficiency over the organic supports in the adsorption process of radionuclides [4] . The obtained Florisil impregnated with [OmimBF4] in various work conditions of ultrasonication was subjected to a complex characterization scanning electron microscopy (SEM), energy dispersive X-ray analysis (EDX) and Fourier transform infrared spectroscopy (FTIR) and was used as an adsorbent in the removal process of Cs + from aqueous solutions.
Experimental
For the impregnation of the Florisil with the studied IL, the time of ultrasonication (10-60 minutes) and the amplitude (10-100%) using a Sonorex Super 10P ultrasonic bath, was varied. In all the experiments, the ratio between the ionic liquid and solid support was kept at 0.1:1. Scanning Electron Microscopy (SEM) was used in order to investigate the changes of the surface morphology of the obtained adsorbent function of the impregnation conditions. SEM images were recorded using a Quanta FEG 250 microscope, equipped with an EDAX ZAF quantifier. The FTIR spectra (KBr pellets) of the obtained materials were recorded on a Shimadzu Prestige-21 FTIR spectrophotometer in the range 4000-400 cm -1 . In order to establish the optimum conditions of impregnation, 0.1 g of obtained materials were treated with 25 mL of 10 mg/L Cs + solutions, obtaining the dependence of the Cs + uptake versus the ultrasonication time and amplitude. In these experiments, the samples were stirred for 1 h using a Julabo shaker. After the time had elapsed the samples were filtered and the residual concentration of Cs + was analysed through atomic emission spectrometry using a Varian SpectrAA 280 type atomic absorption spectrometer using an air/acetylene flame. The Cs + uptake was expressed using equation (1):
where: C 0 and C e are the concentrations of Cs + (mg/L) in the solution initially (t  0) and at equilibrium, respectively, V is the volume of the solution and m is the mass of adsorbent.
For the Florisil impregnated with [OmimBF4] in the recommended conditions established in the first step of the research, the maximum adsorption capacity in the removal process of Cs + from aqueous solutions was determined. In this aim, the dependence of the Cs + uptake was determined varying the initial concentrations of Cs + from aqueous solutions (range 5-50 mg/L) and the obtained results were fitted with well known Langmuir and Freundlich equations.
Results and discussions

Characterization of the impregnated Florisil with [OmimBF4] using various conditions of ultrasonication
The changes of the morphologies of the Florisil impregnated with [OmimBF4] function of time of ultrasonication using an amplitutde of 100% are presented in the SEM images from figure 1. It can be observed that the increasing of the ultrasonication time lead to a patchy conglomeration of the studied IL onto the surface of Florisil support. The most uniform adherence of the IL particle onto the Florisil is obtained in case of 10 minutes of impregnation. Also at this time the adherence is deeper in the particles of the solid support, in this way the leaching of the IL from the solid support surface during the adsorption experiments is avoided. These results are significant in order to obtain reproducibility of the Cs + adsorption process.
From the SEM images of the materials obtained using various amplitude of ultrasonication and a time of 10 minutes (figure 2) it can be observed that through the amplitude increasing is achieved an easier transmission of the IL particles through the liquid media until reach the cavities of the solid support, the impregnation being realized inside the pore of the solid support. The increasing of the amplitude insures a higher stability of impregnation. The EDX analysis (Table 1) highlights the conclusions raised from the SEM images. It can be observed that the quantifications of B, F and N (elements specific for the impregnated ionic liquid) are not conclusively influenced by the time of ultrasonication, underlining the fact that by increasing the time an unstable and patchy adherence of the ionic liquid onto the Florisil surface is achieved. On the other hand, increasing the ultrasonication amplitude leads to the increasing of the B, F and N quantifications. These indicate that the highest quantity of the [OmimBF ] impregnated onto Florisil support is obtained when the impregnation method through ultrasonication is realized using an amplitude of 100% for 10 minutes. Because of this, we expect that the adsorbent obtained in these conditions will develop the highest efficiency in the removal process of Cs + from aqueous solutions. The FTIR spectra of the materials obtained through impregnation using various amplitudes are provided in figure 3 . In the IR spectra of these compounds (c-g) the absorption bands from [OmimBF 4 ] vibrational spectrum are found -the bands between 2960-2860cm -1 are characteristics of the stretching vibrations of CH 3 and CH 2 ; the imidazolium CH stretching: 3158cm -1 , 3125cm ; the bands between 850cm -1 -1 740cm are attributed to stretching -1 vibrations of BF anion [26] . The infrared spect 4 ra show that [OmimBF ] was impregnated in the highest quantity when 100% amplitude of ultrasonication was used.
Adsorption of Cs + from aqueous solutions
The results regarding the Cs + uptake by the materials obtained at various impregnation times and at various amplitudes of ultrasonication are presented in From the experimental data it can be observed that Cs + uptake increases with the increase of the equilibrium concentration of Cs + , and then it approaches a constant value. The Freundlich isotherm has a lower regression coefficient (R 2 =0.9663) compared with the Langmuir isotherm (R 2 =0.9914). The constant K F can be defined as an adsorption coefficient which represents the quantity of adsorbed metal ions for a unit equilibrium concentration; in our case K F =0,575 mg/g. 1/n is a measure of the adsorption intensity or surface heterogeneity. For 1/n = 1, the partition between the two phases is independent of the concentration. The situation 1/n < 1 is the most common and corresponds to a normal L-type Langmuir isotherm, whilst 1/n > 1 is indicative of a cooperative adsorption which involves strong interactions between the molecules of an adsorbate. 1/n obtained in this case is 0.352 showing favorable adsorption of Cs ions onto the Florisil impregnated with [OmimBF ] . It can be mentioned + that the Langmuir model effectively describes the sorption data of Cs + onto the studied adsorbent due to the higher correlation coefficient and due to the obtained maximum adsorption capacity (2.27 mg Cs + /g adsorbent) which is closer to those obtained experimentally (2 mg Cs + /g adsorbent).
www 
Conclusions
The present paper showed that the work condition of the ultrasonication impregnation method is important in order to enhance the adsorption capacities of the resulting adsorbents. In order to obtain a stable and homogenous impregnation of the solid support surface, which will achieve reproducible results in the adsorption processes, it is not necessary to increase the ultrasonication time, but we should use a higher amplitude. In this way, the studied ionic liquid [OmimBF ] adhered inside the cavities of the Florisil, not only at the surface. Therefore, the ultrasonication method is an efficient method of impregnation because a shorter time and smaller quantity of ionic liquids is used and the loss of the IL in the aqueous phase is avoided. The impregnated material obtained in the recommended conditions showed good adsorption performance in the removal process of Cs + from aqueous solutions, developing a maximum adsorption capacity of 2.27 mg/g.
